The identity of a target is more difficult to acquire when it is surrounded by distracters. The purpose of the present experiments was to investigate the implications of this crowding phenomenon for performance and eye movements in a real-life task as search with eye movements. The participants searched for a target in a one dimensional search strip. Above and below this search strip additional elements were added. In three conditions, the similarity of these mask elements to the search elements was varied. The spatial extent of crowding is known to increase with target-mask similarity [Nazir, T. A. (1992) . Effects of lateral masking and spatial precueing on gap-resolution in central and peripheral vision. Vision Research, 32, 771-777, Kooi, F. L., Toet, A., Tripathy, S. P., & Levi, D. M. (1994). The effect of similarity and duration on spatial interaction in peripheral vision. Spatial Vision, 8(2), 255-279]. One condition did not contain masks. In a visibility experiment, we firstly validated this crowding manipulation. In the search experiment, we subsequently found that with increasing crowding search times were up to 76% longer. Eye movements were also affected. The number of fixations and fixation duration increased and saccade amplitude decreased with increasing crowding. We conclude that in order to understand eye movements in (everyday) tasks that require active exploration of the visual scene, crowding should be taken into account.
Introduction
The visual scene often consists of multiple objects. When exploring such a scene, the identification of an object might be surprisingly hard particularly in the visual periphery, because other objects interfere with the acquisition of visual information of the target object (Bex, Dakin, & Simmers, 2003; Bouma, 1970; Hariharan, Levi, & Klein, 2005; He, Cavanagh, & Intriligator, 1996; Toet & Levi, 1992) . This is a phenomenon known as crowding or lateral masking. The relation between the perception of such a visual object and its environment has been extensively investigated. Remarkably, the consequences of crowding on the way a visual scene is explored by eye is less known. We investigated how crowding affects eye movements and performance and in an everyday task as searching.
Crowding has extensively been investigated in psychophysical experiments (i.e. experiments investigating the relation between physical stimuli and the psychological experience they evoke). In these tasks, it is not allowed to make eye movements. In a typical crowding task, a target amidst distracters at a predetermined location has to be identified (e.g. Bouma, 1970; Strasburger, Harvey, & Rentschler, 1991) or discriminated (e.g. He et al., 1996; Toet & Levi, 1992; Tripathy & Cavanagh, 2002) . Whether distracters make it more difficult to resolve the target depends on several aspects of the target-distracter(s) configuration and the nature of the target and distracter(s). Firstly, the distance between target and distracters plays an important role. With decreasing distance between the distracters and the target, crowding increases (e.g. Bouma, 1970; Toet & Levi, 1992; Wolford & Chambers, 1983) . Secondly, crowding increases with increasing retinal eccentricity of the target-distracter(s) configuration (e.g. Bouma, 1970; Strasburger et al., 1991; Toet & Levi, 1992) . Typically, the threshold distance between the target and distracters at which distracters interfere with target perception is linearly related to the target eccentricity (see Chung, Levi, & Legge, 2001 , for an overview of the extents of crowding reported in the literature). In this context, it has been pointed out that crowding can be present at surprisingly large distances between target and distracters. Crowding has been found with targetdistracter distances up to 0.5 times the target eccentricity (Bouma, 1970) . Thirdly, crowding increases with increasing similarity between target and distracters. This extends across similarity in contrast polarity, depth (Kooi, Toet, Tripathy, & Levi, 1994) and shape (Kooi et al., 1994; Nazir, 1992) .
Much effort has been put in describing the dependence of crowding on target and distracter properties and to reveal the algorithm behind the crowding phenomenon. Less attention has been devoted to how crowding affects tasks that are related to real-life. Few researchers have investigated how crowding is related to search. One example is a research conducted by Carrasco, Evert, Chang, and Katz (1995) . In three visual search tasks, subjects were asked to respond whether the target was present or absent. It was found that it was harder (increasing reaction time, more errors) to find the target with increasing target eccentricity; adding more elements while keeping the display size constant enhanced this target eccentricity effect. In particular this latter result led Carrasco et al. to propose that crowding can play a role in the eccentricity effect (even though Wolfe, OÕNeill, & Bennett, 1998 , debated the ubiquity of crowding in the eccentricity effect).
Another example is a research conducted by Vlaskamp, Over, and Hooge (in press). They investigated the effect of spacing between search elements on the search performance and on eye movements. Increasing spacing affected the search time per element-the performance measure, but only to a minor degree over a large range of elements spacings (element spacings ranged between 1.5°and 7.2°). Moreover, they found that the number of elements that was inspected per fixation was only slightly affected. Put in other words, the area that is inspected during a fixation scaled with the distance between elements. (As was also found by for example, Motter and Belky (1998) and Lindberg and Näsänen (2003) .) The explanation for the scaling of this area they offered was that the elements outside this inspection area could not be resolved because of crowding.
So, it has been proposed crowding may play an important role in search. However, crowding has been a variable that confounded with number of elements in the display and/or element eccentricity and/or element spacing. Element eccentricity affects crowding, but it affects the spatial resolution available for resolving the search elements as well (Anstis, 1974) . Decreasing the spacing between search elements is another example of manipulating crowding. Vlaskamp et al. (in press) and Carrasco et al. (1995) decreased the spacing between search elements by adding elements to the display. Adding elements to the search display does not only affect crowding, but also the number of elements to be searched.
This research is motivated by the fact that humans make many eye movements to explore the visual environment that often contains a lot of crowding. Especially the eye movements are interesting because they bring peripheral parts of the stimulus (where crowding is highest) to the fovea (where crowding is hardly present). We therefore addressed the question how crowding affects eye movement behavior and search performance in a search task. It should be noted that these are questions on the computational level. In the present research we do not go into the causes of crowding.
In contrast to Vlaskamp et al. (in press ) and Carrasco et al. (1995) we manipulated crowding independently of the number of elements to be searched and the distance between these search elements. In the tasks presented here, the search area (a horizontal strip of target and distracters) contained the same search elements across conditions. Above and below the search area we added mask elements (Fig. 1) . These elements were not to be searched. Crowding can be varied in such a search task either by varying the distance between the search area and the mask elements (Toet & Levi, 1992) , or by Fig. 1 . This is an example of the search display. The box in front of the search display contains a zoomed part of the search display. The display consisted of Cs and an O as the target. The horizontal middle strip was to be searched. Only this strip contained the target. The upper and lower rows served as mask strips. These strips were not to be searched. The size of the gap in the mask elements was varied in three out of four conditions. In the fourth condition, the mask elements were not present. In the search experiment, the elements were white on a black background.
varying the physical similarity between target and masks (Kooi et al., 1994; Nazir, 1992) . In the present experiments, we choose to manipulate crowding by means of the similarity between the target in the search strip and the masks in the strips above and below the search strip. To validate the crowding manipulation, we additionally conducted a visibility experiment in which the threshold eccentricity for target discrimination was determined for all conditions.
Experiments
The displays were highly similar in the search and visibility experiment. In a general section, we will first describe the displays to the extent that they were the same in the two experiments. Subsequently, aspects of the displays specific for each experiment will be described in two separate sections.
General methods

Stimuli
A display consisted of a one-dimensional Ôsearch stripÕ that contained 30 horizontally aligned elements. One element, the target, was a closed symbol. The other 29 elements were distracters. The distracters were almost similar to the target with the exception that each distracter had a gap randomly in one of the four edges. This gap measured 0.33°. The size of the elements (target and distracters) was 0.37°· 0.37°(18 · 18 pixels). The width of the element edges subtended 1/18 of the element side length. The total length of the search strip was 30.2°. The distance between elements was fixed, i.e. the distance between neighboring elements was the same across the search area. The elements were white on a black background (80 cd/m 2 and 0.05 cd/m 2 ). Both experiments-the search experiment and the visibility experiment-consisted of four conditions. In three conditions, two strips of elements were added above and below the search strip (Fig. 1 ). These two strips merely served to mask the search strip. Subjects were informed that these mask strips never contained the target, and that they were not to be searched. The two additional strips are referred to as mask strips; the elements in the mask strips are referred to as mask elements. The mask elements were equal in size to the search elements. Horizontally, they were positioned in between two search elements. The height of the stimulus with a search strip and the two mask strips subtended 1.08°. To measure to effect of surrounding masks on the search strip, we added a fourth (baseline-) condition in which there were no mask strips.
The size of the gap in the mask elements varied between the three mask conditions. The rationale behind this was that the degree of crowding of the target would increase with decreasing mask gap size. It is known that the extent of crowding of a target increases with targetdistracter similarity (Kooi et al., 1994; Nazir, 1992) . With decreasing gap size of the mask elements the masks are more similar to the target (gap size 0°). Therefore, the extent of crowding of the target was hypothesized to increase with decreasing gap size. The size of the gap in the mask elements was 0.04°, 0.17°or 0.33°-referred to as the gap 0.04, gap 0.17 and gap 0.33 condition.
Experiment 1-visibility experiment
2.2.1. Methods-experiment 1 2.2.1.1. Subjects. Six male subjects (age 21-38) participated in the experiment. All the subjects had normal or corrected to normal vision. The subjects worked at the Psychonomics Department or were students at the Universiteit Utrecht. The authors were two of the subjects. The other subjects were naïve with respect to the goal of the research.
2.2.1.2. Apparatus. Stimuli were generated by an Apple power G4 computer and presented on a LaCie Electronblue III 22 00 CRT monitor (1600 · 1200 pixels; pixel size: 0.25 mm · 0.25 mm). Stimuli were presented with Matlab for Mac OS 9 using the psychophysics toolbox (Brainard, 1997; Pelli, 1997) . A chin rest held the heads of the subjects at 68 cm distance of the monitor.
2.2.1.3. Procedure. In the displays described in the general methods, the target was always positioned in the middle of the search strip. Its location was indicated by two thin vertically oriented bars (0.04°· 0.41°) above and below the target at 0.83°distance from the center of the target. The goal of the experiment was to measure the eccentricity at which this target could just be seen as the target. To this end we adopted the method of adjustment. Subjects fixated a small dot (sized 0.02°· 0.02°) that they could move back and forth horizontally through the search display by pressing the left and right arrow buttons on the keyboard. On half of the trials, the dot could be moved between the target and the leftmost element. The dot then appeared either centered on the target or centered on the leftmost element (each in 50% of the cases). On the other half of the trials, the dot could only be moved on the right side of the target. The dot appeared centered on the target or centered on the rightmost element (each in 50% of the cases). When the subjects could just recognize the target, they pressed the space bar to end the trial. The position of the fixation dot at the time the space bar was pressed was recorded.
The threshold eccentricity was measured for all four conditions (three mask conditions and one base-line condition) that were described in the general methods section. Per condition, eight trials were conducted (four possible start positions of the fixation dot times two repetitions), amounting to 32 trials in total. For each subject a new random sequence of the 32 trials was created. A new trial started immediately after the previous trial was ended.
2.2.1.4. Statistical analysis. Differences in the results between the three conditions that contained mask elements were all tested for statistical significance with a one-way repeated measures ANOVA. In addition, we compared results of the baseline condition with the results of the gap 0.33 condition and tested with paired t-tests whether these results differed significantly. We choose to compare the results on the baseline condition only with the results on the gap 0.33 condition, because the baseline condition is expected to be most similar to the gap 0.33 condition.
Results-experiment 1
For the conditions with mask strips, the eccentricity between the fixation dot and the target at which subjects indicated that they could just discriminate the target increased from 2.44°in the gap 0.04 condition to 2.55°in the gap 0.17 condition and to 3.27°in the gap 0.33 (Fig. 2) . In other words, the threshold eccentricity increased with more than 1/3 (34%) from the gap 0.04 to the gap 0.33 condition. A repeated measures ANOVA showed that there was a reliable difference on the threshold distance between the mask conditions [F(2, 10) = 11.045, p < 0.01]. When mask strips did not enclose the search strip, the mean threshold eccentricity was much larger than in the conditions with mask strips. The mean eccentricity of 5.45°was compared by means of a paired t-test with the mask gap 0.33 condition, since the smallest difference was expected here. This eccentricity was reliably larger than in the condition with the largest gap [t(5) = À7.8382, p < 0.001].
Discussion-experiment 1
This experiment was conducted to validate the crowding manipulation of the displays in the search experiments. Crowding was hypothesized to decrease with increasing gap size of the elements in the mask strip. This was confirmed by the results of this visibility experiment. Threshold eccentricity for target discrimination increased when the size of the gap in the mask elements increased. In addition, in the baseline condition (i.e. the condition without mask strips above and below the search strip) target threshold eccentricity was larger than in all the conditions that contained a mask strip.
In the second experiment, subjects will search for a target in displays that resemble the displays of the first experiment. Without the measurement of the threshold eccentricity in the current experiment, it could always have been argued that the displays do not differ in their degree of crowding. Any increase in the search time would then still have been explainable. It could have been argued that the search time increases because the masks are processed as if they were search elements. Increasing similarity of the mask to the target would then have led to an increase in the total processing time of the display. In the visibility experiment, it is unlikely that decreasing eccentricity with increasing target-mask similarity is due to processing of the masks. The subjects determined the presentation time of the display. This way they could compensate for any potential additional time required for mask processing.
2.3. Experiment 2-search experiment 2.3.1. Methods-experiment 2 2.3.1.1. Apparatus. Stimuli were presented in a fashion identical to the visibility experiment. The room conditions were the same. A bite board prevented subjects from making head movements. In addition, eye movements were recorded with an SMI Eyelink I system. A camera of the eye tracking system recorded the movements of the left eye. It was attached to a stand and situated in front of this eye. The Eyelink eye tracker was controlled with the Eyelink Toolbox for Matlab (Cornelissen, Peters, & Palmer, 2002) .
2.3.1.2. Subjects. Six subjects participated in the search experiment (age 23-32; four males and two females). The subjects either work at the Psychonomics Department or are students at the Universiteit Utrecht. They were naïve with respect to the goal of the experiment. All subjects had normal or corrected to normal (contact lenses) vision. Mask gap size (°) Threshold eccentricity (°) Fig. 2 . Threshold eccentricity vs. mask gap size (experiment 1). In three out of four conditions, the gap size of the mask elements was varied. The size of the gap is represented on the x-axis. The y-axis contains the threshold eccentricity for target discrimination. NM is the fourth condition, which did not contain mask elements.
2.3.1.3. Stimuli. The stimuli are described in the general section. In contrast to the visibility experiment, the target position was randomly chosen from the search element positions.
2.3.1.4. Procedure. The experiment consisted of four sessions. In each session, 30 trials of each of the four conditions were presented in block consecutively. For each subject blocks were ordered according to a Latin square across sessions. A session started with a calibration of the eye tracker. When the calibration was successful the actual experimental session started. To maintain an accurate calibration throughout the session, each trial started with a so-called Ôdrift correctionÕ-an adjustment of the calibration based on the subjects fixation on a single dot in the display. The dot for the drift correction appeared on the left side of the screen at 14.9°o f the centre of the display, vertically halfway the display. Subsequently, the subjects could initiate the drift correction themselves by pressing the space bar. Immediately after a successful drift correction, the drift correction display disappeared and the search display appeared. The position of the leftmost search element corresponded to the position of the drift correction. This way subjects always started searching on the left side of the search display. It should be noted, however, that subjects were not instructed to search the display from left to right; they could freely move their eyes. After finding the target, the subjects pressed space bar to end the trial while they fixated the target. The search time was defined as the time from onset of the search display until the start of the fixation on the target.
2.3.1.5. Eye movement analysis. Saccades were detected with a velocity threshold of 50°/s. After the detection of a saccade our Matlab program searched back and forth until the velocity was two standard deviations higher than the velocity during fixation (as in Van der Steen & Bruno, 1995) . Minimum saccade amplitude was 0.1°and minimum fixation duration was 50 ms. When a small saccade was removed, fixations before and after this saccade were added together. When a fixation was removed, the amplitudes of the saccades before and after the removed fixation were added together.
Results-experiment 2
The main question was whether search was harder when the mask elements were more similar to the target, i.e. when the size of the gap of the mask elements was smaller. The mean search time was found to decrease with increasing gap size of the mask elements (Fig. 3A) . It decreased from 3.16 s in the gap 0.04 condition to 2.09 s in the gap 0.33 condition. Thus, search times were 1.5 times as high in the gap 0.04 condition Fewer fixations were required to find the target when the size of the gap was larger. The average number of fixations decreased from 9.12 in the gap 0.04 condition, to 7.30 in the gap 0.17 condition and 6.11 in the gap 0.33 condition (Fig. 3B) . The effect of mask gap size on the average number of fixations required to find the target was significant [F(2, 10) = 86.89, p < 0.001]. Still fewer fixations were made in the base-line condition. In this condition the average number of fixations equaled 5.21. This was significantly smaller than the number of fixations in the gap 0.33 condition [t(5) = 4.7, p < 0.01].
The decrease in the number of saccades with increasing gap size of the mask elements was accompanied by a significant decrease in the mean saccade amplitude [F(2, 10) = 12.27, p < 0.01]. The average saccade amplitude was 3.63°in the gap 0.04 condition and 3.92°and 4.13°in, respectively, the gap 0.17 and gap 0.33 condition (Fig. 3C) . Still larger saccades were made in the base-line condition (4.58°). Here, the average saccade amplitude was significantly larger than in the gap 0.33 mask condition [t(5) = À4.14, p < 0.01].
Fixation durations were also affected by mask gap size [F(2, 10) = 13.38, p < 0.01] (Fig. 3D) . The average fixation duration decreased with increasing mask gap size. It amounted to 256 ms in the gap 0.04 condition, 245 ms in the gap 0.17 condition and 235 ms in the gap 0.33 condition. The average fixation duration in the gap 0.33 condition did not differ significantly from the fixation duration in the base-line condition [t(5) = 1.27, p = 0.26].
General discussion
The perception of an object becomes deteriorated in the presence of nearby distracters (Hariharan et al., 2005; He et al., 1996; Toet & Levi, 1992) . While this crowding effect has been described into detail on the basis of psychophysical research, we focused on the consequences of crowding for eye movements and search performance. In a search task, we measured how crowding affects both the search time and the eye movements. We started with a validation of the crowding manipulation in a visibility experiment. Consecutively, the validated displays were applied in a search task. We will first discuss the effect of crowding on the eye movements. Subsequently, it will be discussed how crowding affected the search performance.
Increasing crowding decreased the average saccade amplitude. The saccade amplitude is related to the size of the area of the search display that is inspected during fixation (Jacobs, 1986; Rayner & Fisher, 1987) . This area has been termed in several ways, such as the perceptual span (Bertera & Rayner, 2000; McConkie & Rayner, 1975) , the visual lobe (Widdel & Kaster, 1981) and the visual span (Jacobs, 1986; OÕRegan, 1990) . These terms slightly differ in their meaning, but they all refer to an area that is inspected during fixation. We will refer to this area as the visual span. The saccade amplitude decrease as a result of increasing crowding indicates that the visual span decreased.
The number of fixations required to find the target is related to the size of the visual span as well. With a larger span, a larger part of the display area is inspected during a single fixation. Consequently, fewer fixations are required to inspect the whole display (Geisler & Chou, 1995; Näsänen, Ojanpää, & Kojo, 2001) . In the present experiment, the number of fixations required to find the target increased with crowding. Thus, as the saccade amplitude, the number of fixations indicates a decrease of the visual span with increasing crowding. In addition, the visibility experiment also pointed out that target-mask similarity decreased the eccentricity at which a target was discriminated. The previous corroborates with the literature: the threshold eccentricity is considered a measure of the visual span size (recognition threshold; OÕRegan, Levy-Schoen, & Jacobs, 1983 ; detection threshold Jacobs, 1986; various thresholds, OÕRegan, 1990) .
Not only spatial aspects of search were affected by increased crowding. Fixation duration also increased with crowding. Why does fixation duration increase with decreasing visual span size (due to increasing crowding) in the present experiment? This relation has been found earlier. For example, when target-distracter similarity was varied (Jacobs, 1986) or by varying the contrast between search elements and the background (Näsänen et al., 2001) . One might therefore suspect the reason for the increase in fixation duration in the present experiment to be similar as well. We feel that these longer fixations may reveal information about stimulus processing. In the earlier researches (Jacobs, 1986; Näsänen et al., 2001) , fixation duration might have depended on the analysis of the foveated element, on the analysis of the elements in the parafovea or on both. However, the present research does differentiate between these possibilities. From psychophysical research it is known that crowding is hardly present in the fovea (Hariharan et al., 2005) . Towards the visual periphery crowding is increasingly present. The current research therefore suggests that the fixation duration does not solely rely on the analysis of the foveally inspected element. Instead, fixation duration might be related to the inspection of parafoveal elements. The increase in fixation duration might be an attempt to process as many elements in the parafovea as possible. This attempt could be part of a coordinated saccade amplitude-fixation duration strategy to deal with the crowding: With increasing crowding, saccade amplitude was decreased to adjust to the decreased size of the visual span. Fixation duration was increased to increase the processing time for elements in the parafovea.
The eye movements reveal that crowding has a deteriorating effect on search. During a fixation, a smaller area was inspected with increasing crowding. Therefore, the number of fixations required to find the target increased. Since the duration of a fixation also increased, search time inevitably became longer.
Target-mask similarity vs. target-distracter similarity
An alternative explanation for the current results is that mask elements are processed as if they are part of the search area. According to this explanation, the number of elements of the search area inspected per time unit is expected to decrease with decreasing gap size. For, search times are known to increase with target-distracter similarity (e.g. Hooge & Erkelens, 1999; Vlaskamp et al., in press ). An obvious way to find evidence for this alternative explanation is to check for the position of the fixations (are mask elements fixated or not?). The masks and the search elements were separated (center to center) 0.5°horizontally and 0.35°vertically. The spatial resolution of the Eyelink eyetracker is too low to determine to which extend the mask elements were fixated. According to the Eyelink I specifications, the average gaze position error of the Eyelink ranges between 0.5°and 1.0°. In addition to this, Van der Geest and Frens (2002) state that the Eyelink should be treated with care when the accuracy of fixation position is required to be smaller than 1°.
To be able to rule out the alternative explanation we conducted a control experiment. Two subjects participated in a search task that consisted of two conditions. The first condition was identical to the gap 0.04°condi-tion of the search experiment. The target only appeared in the central strip and the subjects were instructed to search for the target in the central strip. In the second control condition, the target could appear in all three strips (i.e. also in the mask strips). The subjects were also informed that the target could appear in all three rows. If the alternative explanation (the mask elements are processed to the same extend as the search strip elements) holds, search times are expected to be identical in both control conditions. The results sharply contrast with this expectation. Search times increased with a factor 5.1 (subject BV: 1.8 s vs. 9.3 s; p < 0.001) and a factor 6.9 (subject TB: 2.8 s vs. 19.2; p < 0.001) when the target was present in all three rows, suggesting that the mask elements are not processed to the same extend as the elements of the search strip in the search experiment.
In addition, it can be concluded from this control experiment that the target-mask manipulation is unlike the target-distracter similarity manipulation applied in many other search studies in the literature (Hooge & Erkelens, 1996 , 1999 Jacobs, 1986; Rayner & Fisher, 1987) . In those studies, the target and distracters were both part of the search area. This is not to say that crowding does not play a role there. On the contrary, the present results indicate that target-distracter similarity may affect search because it affects the level of crowding. Target-distracter similarity also affects the search performance, the number of fixations, fixation duration and saccade amplitude in a similar way as crowing does (Hooge & Erkelens, 1996 , 1999 Jacobs, 1986; Rayner & Fisher, 1987) .
Saccadic search and the subconscious processing of crowded information
A crowded element is not accessible for conscious perception. Nevertheless, He et al. (1996) found that when the orientation of a target Gabor patch cannot be discriminated due to flanking patches, the orientation of a subsequently presented test patch at the location of the target patch is still affected by the targets orientation. In addition, Parkes, Lund, Angelucci, Solomon, and Morgan (2001) found that a crowded target is taken into account when calculating a statistic of all items in a display (average orientation of all patches in a display). This argues that crowded information is processed at least up to the level of feature extraction (see also Cavanagh, 2001; Hariharan et al., 2005; Tripathy & Cavanagh, 2002) and possibly even beyond (Rajimehr, Vaziri-Pashkam, Afraz, & Esteky, 2004) . This leaves open the possibility that target information that is inaccessible consciously can still be turned into use when performing a search task. One could hypothesize that search performance and eye movements might be rather unaffected when the level of crowding is the sole manipulation of the search display. However, in the present experiments, crowding heavily affected search performance and eye movements. These data therefore show that elements that are crowded are not sufficiently processed for localization either.
Crowding in natural situations
In everyday life, objects hardly appear completely isolated from other objects. For example, when reading a text, each letter is surrounded by other letters and lines of text are usually surrounded by other lines of text. Or, when looking for scissors in a kitchen drawer, there might be knifes, a corkscrew, a tin opener and so on in there as well. It is therefore likely that crowding is omnipresent. To understand the eye movement strategy (adjustment of fixation duration and saccade amplitude) and performance in daily visual tasks, the present study shows that crowding should be taken into account as an important factor.
The results of the present study can also be turned to use. On the one hand, it can be argued that one should attempt to avoid the occurrence of crowding as much as possible. For example, when arranging screen text on a computer, the distance between lines should be sufficiently large (Kruk & Muter, 1984) . On the other hand, the deteriorating effect of crowding should be considered when performing a search task. To find a target as fast as possible, one should first search those areas that contain the fewest number of objects that are similar to the target object.
Conclusion
Psychophysical research has described crowding in relation to the physical stimulus in detail (e.g. Bouma, 1970; Toet & Levi, 1992) . In the present computational study, we moved from this description of crowding to the consequences of crowding in a more daily setting. In a search task, we investigated how eye movements are adjusted to varying levels of crowding. This crowding manipulation was validated with a visibility experiment preceding the eye movement experiment. With increasing crowding, fixation duration increased, the number of fixations increased and the saccade amplitude decreased. In addition, we measured search performance. Increasing crowding decreased search performance. These results show that the presence of irrelevant objects outside a search area strongly affect saccadic search performance.
